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To provide sharp, clear pictures, peaking coils and low frequency compensation are 
needed in the video amplifier circuits of television receivers. 
Courtesy Capehart-Farnsworth Company 
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Nothing is impossible; there are ways that lead to 
everything, and if we had sufficient will we should always 
have sufficient means. 


—Rochefoucauld 


VIDEO AMPLIFIERS 


To produce the image on the 
screen of a Television receiver, 
the picture signal is applied to 
the grid circuit of the picture 
tube. Developed in the output cir- 
cuit of the video second detector, 
this signal has a magnitude of 
approximately 2.5 volts, peak to 
peak. To drive the picture tube 
properly, the signal must be 50 to 
100 volts peak to peak. This volt- 
age gain of 20 to 40 times is pro- 
vided by the video amplifier. Also, 
as explained previously, the pic- 
ture signal includes information 
ranging from low rate changes in 
lighting to the fine picture details. 
This range of information results 
in picture signal frequencies 
which extend down to 20 or 30 
cycles and up to around 4 me. 


Because of this wide range of 
picture signal frequencies, the 
video amplifier must provide uni- 
form amplification over this en- 
tire band. 


Since it is impractical to design 
an inductance which permits ac- 
ceptable frequency response at 
both high and low frequency ends 
of the video band, transformer 
and impedance coupled circuits 
are not employed in video ampli- 
fiers. Although resistance-capaci- 
tance coupling is not ideal, cer- 
tain corrective measures enable 
the resistance coupled circuit to 
provide satisfactory v-f amplifica- 
tion. 


EQUIVALENT 
AMPLIFIER CIRCUITS 


In electron tube amplifiers, the 
various circuit components pro- 
vide either a path for the signal 
currents; a means of applying the 
proper d-c operating voltages to 
the tube elements; or both. When 
considering the frequency re- 
sponse, only the signal paths are 
of concern. Therefore, in some 
schematic diagrams it is helpful 
to omit the components which do 
not directly affect the amplifica- 
tion of the signal voltages. To 
further help in understanding 
how the circuit works, the plate 
resistance r, of the electron tube 
may be represented by a resistor 
symbol. Such a circuit diagram is 
called an EQUIVALENT CIRCUIT. 


To show that this circuit dia- 
gram actually is equivalent to the 
more conventional schematic, sev- 
eral steps of the conversion pro- 
cess are given in Figure 1. Figure 
1A shows a conventional sche- 
matic of a resistance coupled am- 
plifier in which tube V, is cou- 
pled to tube Vz. by plate load 
resistor R,, coupling and d-c 
blocking capacitor C., and grid 
resistor R,. Also included in this 
diagram are the cathode circuit 
components of both tubes, the low 
voltage power supply, and its by- 
pass capacitor C,. 


In any single amplifier stage, 
frequency response considerations 
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concern the nature of the varia- 
tions in output voltage with con- 
stant input voltage over the de- 
sired frequency band. Thus, as 
the V, output is the signal voltage 
appearing across the grid resistor 
of V2, only this much of the cir- 
cuit need be shown in an equiva- 
lent circuit diagram. This simpli- 
fication is illustrated in Figure 1B 
where e, represents the input volt- 
age, and e, the output. 


In the cathode circuit, resistor 
R, is bypassed by capacitor C,. 
Therefore, except at the lowest 
frequencies, C, serves as the sig- 
nal path, while R, is needed mere- 
ly to maintain the proper d-c volt- 
age on the cathode. Likewise, in 
the plate circuit, capacitor C, 


When used 





forms a path for the signal cur- 
rents which are thus bypassed 
around the plate d-c supply. 


To emphasize the importance 
of capacitors C, and C; insofar as 
the signal paths are concerned, 
the diagram of Figure 1B has 
been rearranged in Figure 1C to 
give them a more prominent posi- 
tion. Also, the plate resistance of 
V, is represented by resistor r,. 
The a-c plate voltage is of greater 
magnitude than the input voltage 
e,. To represent this process the 
tube is considered as an a-c gen- 
erator as indicated by the letter 
“G” inside the tube symbol. 


At the very low frequencies, 
the reactances of capacitors C,, 


wienovort cowrnay 
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with an oscilloscope and a detector probe, the sweep generator determines the 


frequency response characteristics of a video amplifier. 
Courtesy The Jackson Electrical Instrument Co. 
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C;, and C, are relatively high and 
their effects on the output of the 
amplifier will be explained later 
in this lesson. However, at all 
other frequencies, the reactances 
of these capacitors are so low that 
they can be neglected, with the 
cathode of the tube and the B+ 
end of R,, being considered at 
ground potential so far as the sig- 
nal voltages are concerned. In 
other words, R, and the B supply 
are thought of as being ‘“‘shorted” 
by the bypass capacitors. 


Medium Frequencies 


These conditions are indicated 
in the arrangement of Figure 1D 
which represents the “equivalent 
circuit” of the amplifier at me- 
dium frequencies. Since the 
“shorted” components have no 
effect on the signal voltages, they 
are omitted and the tube, simpli- 
fied to the symbol of an a-c gener- 
ator “G,” together with the B+ 
end of resistor R;, are grounded 
directly through the low reactance 
paths provided by the bypass ca- 
pacitors as explained. Therefore, 
since they have no effect on the 
signal, R, and the B supply are 
omitted in Figure 1D. Also hay- 
ing negligible reactance at medi- 
um frequencies, coupling capaci- 
tor C. is omitted, with R;, and R, 
connected directly to r,. Thus, in- 
sofar as the signal is concerned 
at medium frequencies, R;, and R, 
are actually in parallel across the 
output of the amplifier stage. 


In Figure 2A, the circuit of 
Figure 1D is redrawn with R., 
representing the equivalent resist- 
ance of R,;, and R, in parallel. The 
voltage applied by generator G is 
equal to the a-c grid voltage e, 
multiplied by the amplification 
factor » of the tube and, there- 
fore, it is shown as pe,. To clarify 
the conditions in the output cir- 
cuit the symbols are rearranged 
again in Figure 2B to show that 
the alternating plate current I, is 
determined by the amplitude of 
the applied voltage pe, and the 
total resistance of r, and R,, in 
series. 


In any amplifier, with a given 
input, the greater the gain or am- 
plification, the greater is the out- 
put e,. As Figure 2B shows, re- 
sistances r, and R,, form a volt- 
age divider. Part of the applied 
voltage ye, is across r,, and part 
across R,,. The part across R., is 
e,, the output of the stage. There- 
fore, the larger R., is, and the 
smaller r,, the greater the out- 
put, e,. 


In the case of a pentode ampli- 
fier tube, the plate resistance r, 
is so high compared with R,,, that 
the alternating plate current I, is 
determined almost entirely by pe, 
and r,. Thus, for a given input e,, 
the current I, is directly propor- 
tional to » and inversely propor- 
tional to r,. 


The ratio »/r, is the transcon- 
ductance g,, of a tube. Therefore, 
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the higher the g,, the larger the 
plate current I,, and the greater 
the voltage e, across R,, in Fig- 
ure 2B. Thus, with a pentode, the 
amplification obtained is directly 
proportional to the transconduct- 
ance of the tube and to the equiv- 
alent plate load resistance R,.. 


Low Frequencies 


As mentioned, capacitors Cy, C,, 
and C, of Figure 1A affect the am- 
plifier response at low frequencies, 
therefore all of these could be in- 
cluded in a diagram of the equiva- 
lent amplifier circuit at low fre- 
quencies. However, the effects of 
C, and C,; are so slight compared 
to that of coupling capacitor C, 
that usually C, is the only one in- 
cluded as shown in Figure 3A. 
Under these conditions, resistors 
R, and R, no longer can be con- 
sidered in the simple parallel rela- 
tionship that they have at medium 
frequencies. 


To make a comparison with the 
circuit of Figure 2B, the equiva- 
lent circuit of Figure 3A has been 
rearranged as shown in Figure 
3B. Here, the output voltage ep is 
not equal to the I,R., given for 
medium frequencies but is equal 
to the voltage across R,;, minus the 
voltage across coupling capacitor 
C,. Thus, at low frequencies, the 
increased reactance of the cou- 
pling capacitor reduces the output 
voltage @. 


Tube Capacitances 


As explained previously, a small 
but definite capacitance exists be- 
tween the various elements of an 
electron tube since each element 
functions as a single plate of a 
simple capacitor. Other capaci- 
tances and capacitance effects also 
are associated with a tube in a 
circuit. The total for all of these 





A miniature type sharp cutoff pentode, the 
6AU6 is commonly employed in the first stage 
of a two-stage video amplifier. 


Courtesy General Electric Co. 


may be divided into two general 
classifications: (1) INPUT CAPACI- 
TANCE C,, and (2) OUTPUT CAPAC- 
ITANCE Co. 


The input capacitance C; may 
be divided into four components: 
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(1) the cold input capacitance C.., 
(2) the hot input capacitance C,,, 
(3) the effect of the grid-to-plate 
capacitance C,,, and (4) the stray 
capacitance C,. 


Of these, the first two and the 
fourth have been explained in 
detail in a previous lesson. The 
third factor is a capacitance the 
magnitude of which depends upon 
the gain of the stage. That is, 
with the amplifier stage in oper- 
ation (in a dynamic state), the 
input capacitance is considerably 
greater than the value measured 
under static or no signal condi- 
tions. The increase in capacitance 
results from what is known as 
the “Miller effect”, and occurs in 
the following manner. 


The charge Q on either plate 
of a capacitor depends directly 
upon its capacitance C and the 
voltage E applied across its plates. 
That is, QC x E. Under static 
conditions (no plate load), the 
only signal voltage applied to the 
grid of a tube is the input volt- 
age, e.._In this case, the charge on 
the grid is qi = Cin X @, Where 
Cin is the static or cold input 
capacitance. 


In dynamic operation, the dif- 
ference of potential e,, between 
the plate and grid places a charge 
q: on the grid. This charge is 
proportional to e,, and the grid- 
plate capacitance, C,,,. Thus, qo = 
Cep X gp With the amplifier in 


operation, then, the total charge 
on the grid is q; + qe. 


i+ d2= Cin X Cg + Cop X Cg 


The voltage on the plate is 
equal to the input voltage e, mul- 
tiplied by the stage gain A. That 
is, the plate voltage is Ae,. As 
the grid and plate voltages in an 
amplifier are 180° out of phase, 
the total difference of potential, 
e,,, is equal to their sum, Ae, + 
e.. An equivalent means of ex- 
pressing this sum is e, (A + 1). 
Substituting this sum for e,, in 
the above expression for the total 
charge on the grid gives: 


G+ G2= Cin X Ce + Cop X OCA +1) 


which can be simplified to: 


at+a:=e[Cint+C(A+1)]. 


Here, the entire portion in 
brackets represents the input ca- 
pacitance required to permit the 
voltage e, to produce the total 
charge q; + qz on the grid of the 
tube. 


As mentioned, under static con- 
ditions, the input voltage e, pro- 
duces only the charge q, on the 
grid. However, under dynamic 
conditions, the same voltage e, 
produces an additional charge qo. 
This additional charge effects the 
grid circuit in the same manner 
as would the addition of a capac- 
itance equal to C,, (A + 1). 
Therefore, due to the difference 
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between the static and dynamic 
operation, the Miller effect is 
thought of as increasing the input 
capacitance by an amount equal 
to the grid-plate capacitance mul- 
tiplied by the stage gain plus one. 


Considering all four of the in- 
put capacitance components men- 
tioned, the total input capacitance 
C, of an electron tube is: 


Ci=Coat+ Cur +Cn(A+1) +. 


The OUTPUT CAPACITANCE Co 
consists of the tube plate-to-cath- 
ode capacitance plus all others 
in shunt with the output circuit, 
such as capacitance between the 
plate and suppressor grid, the 
plate and screen grid, the plate 
leads and the chassis. 


High Frequencies 


At high frequencies, the tube 
capacitances have an important 
effect on the amplifier gain. In 
Figure 4A, capacitors Co and C; 
represent the V, output and V. 
input capacitances, respectively. 
Considering the B+ at signal 
ground potential, Co is in parallel 
with R,, and C;, is in parallel with 
R,. Following the plan of Figure 
1, the components of Figure 4A 
have been rearranged into Figure 
4B and then to Figure 4C where 
Cy represents the total capaci- 
tance of Cy and C, in parallel 
and R,, represents the total re- 
sistance of R, and R, in parallel. 


As stated before, the amplifica- 
tion obtained is directly propor- 
tional to the » of the tube when 
it is a triode, or to the g,, if it is 
a pentode. Also, the larger the 
plate load, the greater the output 
at a given frequency. However, 
in this case, the plate load in- 
cludes the reactance of Cy, in 
addition to the equivalent resist- 
ance R,,. That is, in Figure 4, 
the plate load is an impedance 
Z, made up of R,, and Xe, in 
parallel. 


As with parallel resistances, 
the total or equivalent load im- 
pedance is equal to the product 
of R., and Xe, divided by their 
sum. However, since the current 
in Cy is not in phase with that 
in the resistors, it is necessary 
to use the vector sum—that is, 
V Ra? + Xc,*. Thus, the equation 
for obtaining the total load im- 
pedance of the circuit of Fig- 
ure 4 is: 


RaxXep 
Dis 


VR + Xe 





Since the reactance X., varies 
with frequency, the plate load is 
not a constant value over the fre- 
quency band. As frequency in- 
creases, X¢,, decreases. The plate 
load Z;, never can be greater than 
either R,, or Xco,. Therefore, at 
the higher frequencies, the de- 
creased capacitive reactance 
causes Z,, to be smaller than it is 
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at medium frequencies. Since the 
output ey is the voltage across the 
load Z,, the decreasing reactance 
of Cy results in reduced output 
as frequencies increase. In effect, 
Cy bypasses high frequency com- 
ponents of the signal. 





Small coils wound directly on the resistor 
which shunts them are used for high frequency 
compensation in television receivers. 


FREQUENCY DISTORTION 


In general, r-f, i-f, a-f, and v-f 
amplifiers are designed to oper- 
ate with uniform amplification 
over definite bands of frequencies 
to provide ‘flat top” response. 
Any variation in the gain of an 
amplifier, within its desired pass 
band, is called frequency distor- 
tion. The frequency range or 
width of the required pass band 
varies widely in the different 
services. For example, standard 
AM broadcast stations are allo- 
cated a 10 ke channel, FM broad- 
cast stations a 200 ke channel, 
and television boadcast stations 
a 6 me channel. The common 
forms of r-f and i-f amplifiers 
include tuned circuits designed 
to provide an approximately even 


response over the required band 
pass, the range of which is but a 
comparatively small percentage of 
their mean operating frequency. 


For example, the common 455 
ke i-f amplifier in a superhetero- 
dyne broadcast radio receiver has 
a 10 ke pass band from 450 ke to 
460 ke. Thus it requires only a 
1.1% increase and decrease from 
455 ke to cover the band. In this 
same type of receiver, the audio 
amplifier has a pass band of 
about 50 cycles to 5000 cycles 
which is approximately half the 
frequency range of the i-f am- 
plifier. However, the highest fre- 
quency is 100 times as great as 
the lowest frequency. For a high 
fidelity audio amplifier, with a 
pass band of 30 to 15,000 cycles 
per second, the highest frequency 
is 500 times as great as the 
lowest frequency. 


As explained previously, the 
video amplifier of a television re- 
ceiver should have a pass band 
of 30 cycles to 4,000,000 cycles 
per second in which the highest 
frequency is 133,000 times as 
great as the lowest frequency. To 
provide a pass band of this width, 
the resistance-capacitance cou- 
pling circuits of the amplifier 
must be compensated to offset the 
effect of the various capacitances 
which reduce the gain at the 
higher and lower frequencies. 
This decrease in signal intensity 
is called “attenuation”. Since the 


Video Amplifiers 


Page 11 





causes of low frequency attenua- 
tion differ from those of high 
frequency attenuation, they are 
explained separately in the fol- 
lowing paragraphs. 


Low Frequency Attenuation 


In the video amplifier circuit 
of Figure 5A, the input e, is 
applied through capacitor C, to 
the grid of tube V;. The output 
of V, is coupled through choke 
Ly and capacitor C,. In a circuit 
of this type, there are four main 
causes for reduced amplifier out- 
put at the low frequencies. The 
first cause is that a portion of 
the applied voltage e; is across 
the input coupling capacitor C, 
and the remainder across the grid 
resistor R,. That is, C. and R, 
make up a voltage divider so that 
e, is divided into the two parts, 
€c, and ey, as indicated. Thus, the 
signal voltage across the grid re- 
sistor is somewhat less than the 
total applied voltage e;. 


At medium and high frequen- 
cies, the reactance of C, is so low 
that the voltage drop ec, is neg- 
ligible. Practically all of the in- 
put e, appears across R,. How- 
ever, AT THE LOW FREQUENCIES 
Xo, is greater and the voltage drop 
€c, is a considerable fraction of 
the input signal e;. 


\~ The second cause is due to the 


fact that the cathode circuit im- 
pedance increases as frequency 
decreases. 


So far as the signal voltage Cry 
is concerned, the grid-cathode 
part of the tube is in series with 
the parallel cathode circuit com- 
ponents, R,C,. This results in en, 
being divided into the fractions 
e, and ep, as indicated. That is, 
the voltage divider action occurs 
again, and the fraction e,, is lost 
as far as amplification is con- 
cerned. Therefore e, is the only 
part of the input signal voltage 
actually applied between the grid 
and cathode of the tube, and it is 
desirable that the cathode circuit 
impedance have a low value so 
that ex, is small and e, is a large 
fraction of eg... 


4 
2 The third cause is due to the 


increase in the screen grid circuit 
impedance with decrease in fre- 
quency. Capacitor C, should main- 
tain the B+ end of resistor R, at 
signal ground potential so that R, 
and screen bypass C, are effec- 
tively in parallel for signal cur- 
rents. This is indicated by the 
dashed line connecting R, and C,. 
Therefore, the screen grid circuit 
impedance Z,,, can be stated math- 
ematically as follows: 





in which X¢, is the reactance of 
capacitor C,. Also, as in the cath- 
ode circuit, impedance Z,,, becomes 
higher with decreasing frequen- 
cies. 
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The increase of Z,, at low fre- 
quencies causes fluctuations of the 
screen voltage, and the resulting 
variations of current cause the 
screen potential to swing toward 
negative when the control grid is 
swinging toward positive, and 
vice versa. This action reduces 
the effect of the control grid on 
the plate current. Therefore, it is 
a type of degeneration. 








The video amplifier must have good response 

at low frequencies to reproduce the large 

areas of sky and shadow with even shading, 

and good response at high frequencies to 

reproduce details such as the windows in 
the buildings. 


Courtesy Sentinel Radio Co. 


}\ The fourth cause of low fre- 
quency attenuation is the varia- 
tion of the reactance of the power 


supply filter components. This re- 
actance increases with decreasing 
frequency, resulting in degenera- 
tion like that explained for the 
screen grid circuit. However, the 
power supply affects both the 
screen and plate voltages. 


Low Frequency Compensation 

Still referring to Figure 5A, 
with proper choice of components, 
the voltage divider action of C.R, 
can be reduced. The capacitance 
of C, is made large so that its re- 
actance is small, and the lost volt- 
age @o, is as low as possible. Also, 
to cause most of e, to appear 
across R,, a large grid resistance 
is used. 

At low frequencies the main 
plate load impedance for V, is 
provided by R, and C;. As the 
frequency decreases, the reactance 
of C, increases and the stage gain 
increases by a corresponding 
amount. This increased gain com- 
pensates for the increased volt- 
age drop across the coupling ca- 
pacitor. Optimum compensation 
occurs when the time constant 
of R.C; is equal to that of the 
coupling capacitor and grid load 
resistor. 

The attenuation due to the 
cathode circuit impedance is 
minimized in one of the follow- 
ing ways: 

1. Eliminating R, and C, and 
grounding the cathode—either 
grid leak or fixed bias then being 
used. 
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2. Eliminating C,. This results 
in a loss in stage gain due to the 
degeneration effect of the unby- 
passed cathode resistor, but the 
loss is constant over the frequency 
band. 


3. Making the capacitance of 
C, very large and accepting the 
small low frequency attenuation 
which still occurs. 


The screen grid circuit attenu- 
ation of the video amplifier may 
be corrected by employing a by- 
pass capacitor C, with a large ca- 
pacitance. 


A fourth measure employed for 
correction of low frequency re- 
sponse is the compensation net- 
work R,C;. For signal frequen- 
cies, capacitor C, effectively 
grounds the B+ end of R; so that 
this resistor and C, are in paral- 
lel as indicated by the connecting 
dashed line. 


As in the cathode and screen 
grid circuits, the parallel com- 
bination R;C; has an impedance 
Z, which rises with decreasing 
frequencies. However, Z, is in 
series in the plate circuit and 
therefore results in an increase 
in total plate load impedance with 
decreasing frequencies. Being 
proportional to the plate load im- 
pedance, the gain of the amplifier 
is higher at low frequencies than 
at medium frequencies. Thus, R,; 
and C; compensate for the low 
frequency attenuation in the cath- 


ode circuit of the video amplifier 
tube. Optimum correction occurs 
when the time constants of RC; 
and R,C;, are equal. 


High Frequency Attenuation 


In Figure 5A, Co represents the 
output capacitance of V;, and C, 
the input capacitance of the fol- 
lowing stage. As explained, the 
reactance Xo, of Co and C,; in 
parallel is a component of the 
total load impedance Z;, in the 
plate circuit of the tube. The total 
impedance of a parallel circuit 
is determined mainly by the im- 
pedance of its smallest branch. 
Therefore, at the medium and 
low frequencies, Z,, is approxi- 
mately equal to R,,, because Xoy 
is very high at these frequencies. 
As frequency increases, the re- 
actance of Cy becomes lower. Fin- 
ally, at some high frequency, Xop 
decreases to R,,. For convenience, 
we may call this frequency f,. 
Thus, at frequencies above f,, 
Xo, is less than R,,, and the total 
impedance Z;, is approximately 
equal to Xo,. 


However, since the capacitive 
reactance Xo, decreases with ris- 
ing frequency, the load imped- 
ance Z;, becomes lower also as fre- 
quencies increase above f,. As 
explained, the stage gain is di- 
rectly proportional to the plate 
load impedance. Therefore, as fre- 
quencies rise, the stage gain drops 
off at the high frequencies. Out- 
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put capacitance C, and input ca- 
pacitance C, cause the greatest 
high frequency attenuation. 


High Frequency Compensation 


To obtain a flat or even re- 
sponse over the band that is to 
be amplified by the video circuits, 
the stage gain should remain con- 
stant. For constant stage gain 
then, the load impedance Z, 
should not vary with frequency. 
To achieve this condition, the fre- 
quency f, should be the upper 
limit of the desired pass band. 
That is, f, should equal approxi- 
mately 4 me. At all frequencies be- 
low f,, R., is less than X¢,. There- 
fore, the load impedance Z,, is ap- 
proximately equal to R,,, over the 
desired band. As resistance does 
not vary with frequency, Z;, and 
the stage gain remain constant 
over the band. 


With a given amplifier tube, 
circuit, and stage gain, the total 
capacitance Cy is fixed. Thus, to 
attain the desirable condition 
mentioned, circuit resistances can 
be selected such that their equiv- 
alent resistance R,, is equal to the 
reactance of Cy at the upper limit 
of the band. As shown in Figure 
4, R,,, consists of R,, and R, in par- 
allel. Ordinarily, R;, is much small- 
er than R,, therefore R;, mainly 
determines the value of Ri... 


As an example, in Figure 4A, 
suppose the circuit of V; has an 
output capacitance C, of 11 pprf, 


and the input capacitance C,; of 
the next stage is 9 pf. Then, the 
total capacitance Cy is 11 + 9= 
20 ppt. At 4 me, 20 pyf capaci- 
tance offers a reactance of ap- 
proximately 1600 ohms. On this 
basis, the load resistor R;, would 
have a value of 1600 ohms, thus 
making R,, approximately equal 
to Xe, 


In actual commercial video am- 
plifier circuits, other compensa- 
tion methods are used which per- 
mit a larger plate load resistance 
than the above example value. 
Typical plate load resistances 
range from 4000 to 8000 ohms. 
However, even these values are 
very low compared with the plate 
loads employed in audio ampli- 
fiers. Thus, in video amplifiers, 
one method of obtaining the re- 
quired wide band response con- 
sists of using a low value plate 
load resistor to minimize the ef- 
fect of the circuit shunt capac- 
itances. 


As mentioned, the stage gain 
is proportional to the transcon- 
ductance of the tube as well as to 
the load impedance. With the 
relatively low value plate load re- 
sistors used in video amplifier cir- 
cuits, it is necessary to employ 
tubes with high transconductance 
in order to obtain the required 
gain. For example, the type 6BD6, 
used as an r-f or i-f amplifier in 
some radio receivers, has a trans- 
conductance of 2550 micromhos. 
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The gain curves of a shunt compensated amplifier for three different inductances. 


In contrast, typical tubes em- 
ployed as video amplifiers in tele- 
vision receivers are the 6AN8, 
6CL6, and 12BY7, with transcon- 
ductances of 6200, 11,000, and 
12,000 micromhos, respectively. 


Because they have relatively 
small grid-plate capacitance, pen- 
tode tubes have an advantage over 
triodes as video amplifiers. As ex- 
plained, the grid-plate capaci- 
tance increases the input capac- 
itance by the factor C,, (A + 1). 
As a comparison, suppose a stage 
gain of 30 is required. The triode 
type 12AU7 has a grid-plate ca- 
pacitance of 1.5 pyf. The Miller 
effect produces an input capaci- 
tance of: 


Cx» (A+1) =1.5(30+4+1) =1.5 x31 
= 46.5 uf. 


The pentode type 12BY7 has a 
grid-plate capacitance of .063 pyf. 


In this case, the input capacitance 
due to the Miller effect is only: 


Cy, (A +1) =.063 (30 +1) =.063 x 31 
= 1.95 up. 


Thus, although the 12BY7 pen- 
tode has a static input capaci- 
tance of 10.7 pyf, its input capac- 
itance increases to only 12.65 pf 
under dynamic conditions. On the 
other hand, the 12AU7 triode has 
a static input capacitance of only 
1.8 ppf, but its input capacitance 
increases to 48.3 p»f in operation. 


Besides low resistance plate 
load resistors and high transcon- 
ductance tubes, special methods 
of interstage coupling are used to 
compensate for the attenuation 
of high frequencies. One method 
is to connect coil L,, Figure 5A, 
in series with R,, as shown. The 
reactance of L; rises with fre- 
quency, causing an increase in 
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total load impedance Z, and, 


therefore, stage gain. 


In circuits in which coil L. is 
not employed, capacitance C,; adds 
to C, to give a total shunt capaci- 
tance Cy. Neglecting R,, C, forms 
a parallel circuit with L, the in- 
ductance of which is so chosen 
that this parallel circuit is reson- 
ant at a frequency f,, somewhat 
above the band over which uni- 
form response is desired. 


Thus, as shown by the curve of 
Figure 5B, the amplifier response 
reaches a maximum at f, and is 
flat over the desired range of high 
frequencies. Because of the rise 
in the response at f,, coil L, is 
called a peaking coil, and since L; 
is in shunt with C, and C,, this 
method of high frequency com- 
pensation is called SHUNT PEAK- 
ING. 


Known as SERIES PEAKING, an- 
other system employs the coil L. 
connected as shown in Figure 5A. 
In circuits where L, is not em- 
ployed, the lower end of R, is 
maintained at signal ground po- 
tential by capacitor C,. L. isolates 
C, and C,, and therefore, only C, 
is directly in parallel with R,. 


Here the resistance of R;, may 
be chosen with reference to the 
reactance of C, and, as this re- 
actance is higher than that of C, 
+C,, Ry, may have more resist- 
ance, resulting in a higher stage 
gain. At the high frequencies, the 


reactance of coupling capacitor 
C, is negligible, and the induct- 
ance of Ly is chosen so that this 
coil and capacitance C,; form a 
series resonant circuit from the 
plate of V, to ground. L, and C; 
are made resonant to some fre- 
quency f, above the video band 
and thus the voltage across C, is 
maximum at f,, as indicated by 
the output-vs-frequency curve of 
Figure 5B. 


Still greater amplification may 
be obtained by using both coils L; 
and Ls, in which case the system 
is termed SERIES-SHUNT PEAKING. 
As before, coil L. forms a series 
resonant circuit with C,, while L, 
forms a parallel resonant circuit 
with Co, both circuits being tuned 
to a frequency somewhat above 
the video band. This arrangement 
permits the resistance of R, to 
be as much as 1.8 times that used 
in simple shunt peaking, with the 
stage gain being increased in like 
proportion. A disadvantage is 
that this system is critical with 
respect to the component values 
and the ratio of Co to C;. Unless 
this ratio and the various com- 
ponents are exact, the high gain 
is not obtained. 


As an example of the use of 
frequency compensating compon- 
ents in commercial equipment, 
Figure 6 shows the video frequen- 
cy amplifier circuits of a typical 
television receiver. Operating as 
a diode detector, the V, section 
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of a double triode tube functions 
as the video detector having the 
load resistor R; and shunt peak- 
ing coil L,;. The output of the de- 
tector is taken from the plate 
end of L,; and coupled directly 
through series peaking coil L. to 
the grid of the first v-f ampli- 
fier Ve. 


Although it is not indicated in 
the diagram, the output capaci- 
tance of tube V;, in parallel with 
the load L,;R,, forms the i-f filter. 
To eliminate low frequency at- 
tenuation in its circuit the cath- 
ode of Vs. is grounded directly. 
Due to the direction of current 
in V;, the tube end of R, is nega- 
tive with respect to ground and 
the grid bias for V» is obtained 
from this point through Ls. 


The plate circuit of V. con- 
tains shunt peaking coil L;, load 
resistor Rs, and a low frequency 
compensation R.C;. The output 
from this stage is coupled 
through series peaking coil L, 
and capacitor C. to the grid of 
the second y-f amplifier stage, V3. 
The plate circuit of V; includes 
shunt peaking coil L; in series 
with load resistor R;, and direct 
coupling through series peaking 
coil L, to the grid of picture 
tube V4. 


From the cathode of V,, the sig- 
nal circuit is completed through 
capacitor C, to ground. With di- 
rect coupling from the plate of 
V;, the grid of V, is at a positive 


potential with respect to ground. 
Therefore, to secure the proper 
operating conditions for the pic- 
ture tube, the cathode is made 
more positive than the grid by 
supplying the cathode with a 
higher d-c potential from the 
slider on potentiometer P,. 
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Increase in amplification obtained by use of 

high transconductance tube, No. 2, designed 

for video amplifier application, over that pro- 
vided by ordinary pentode, tube No. 1. 


Up to this point, methods of 
high frequency compensation have 
been described in terms of what 
is known as “circuit network the- 
ory.” However, design engineers 
also may approach the problem 
from the standpoint of “electric 
wave filter theory,” in which case 
the video amplifier coupling cir- 
cuit is considered a low pass fil- 
ter. Although it may seem strange 
to deal with the problem of high 
frequency compensation by utiliz- 
ing a low pass filter, it must be 
remembered that the video cou- 
pling circuit must provide uniform 
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response to all frequencies below 
the “cutoff” at approximately 4 
me, and attenuate all higher fre- 
quencies. 


Although the details of wave 
filter theory are not taken up 
here, Figure 7A shows the basic 
circuit of the type of filter de- 
signed from this theory for vi- 
deo amplifier coupling circuits. 
Known as a PI-TYPE, LOW-PASS 
FILTER, this arrangement may be 
designated also as a MID-SHUNT, 
CONSTANT K LOW-PASS FILTER. 
Briefly, the action is that, as fre- 
quency rises, the reactance of coil 
L, increases and the reactances 
of capacitors C,; and C. decrease 
in such a way that the total im- 
pedance of the filter remains con- 
stant up to a point called the 
“cutoff frequency.” All signals 
higher than the cutoff frequency 
are greatly attenuated. 


Mathematical equations have 
been derived which permit en- 
gineers to calculate the respec- 
tive values of L,, C,, and C, for 
any desired cutoff frequency. 


When a sharper cutoff charac- 
teristic is desired, the circuit of 
Figure 7A may be extended to 
include two or more sections 
connected in series or cascade. 
Known as a TWO SECTION CON- 
STANT K FILTER, Figure 7B, is 
employed commonly in video am- 
plifier coupling circuits. In prac- 
tical receiver circuits, the tube in- 
put, tube output, and stray cir- 


cuit capacitances replace the ca- 
pacitors indicated as C,, Cz, and C3. 


A simplified drawing of this ar- 
rangement is given in Figure 7C, 
where C, indicates the output ca- 
pacitance of the video amplifier 
tube, C. the input capacitance of 
the cathode ray tube, and C, the 
stray circuit capacitance. To ob- 
tain constant output, it is neces- 
sary that the impedance of the 
filter remain constant over the de- 
sired frequency band. However, 
it is characteristic of this type of 
filter to have a rising impedance 
as the signal frequencies ap- 
proach the cutoff value. 


To reduce this rise of imped- 
ance near the cutoff frequency, 
resistor R, is placed in the load 
circuit to lower the Q of L;. This 
“swamps” the coil to a low, broad 
resonant response. 


Figure 7C has been arranged 
to show how the various filter 
components correspond to their 
respective counterparts in the 
basic circuit of Figure 7B. How- 
ever, in actual schematic dia- 
grams of video amplifier cou- 
pling circuits, the arrangement of 
Figure 7C will seldom be found, 
as these diagrams are drawn on 
the plan of Figure 7D. 


Here, the filter capacitances are 
not indicated, and with the other 
components rearranged, there ap- 
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pears to be little likeness between 
this coupling circuit and the filter 
of Figure 7B. However, close in- 
spection of both shows them to be 
electrically equivalent. 


In Figure 7D, L, and L, are 
in series, with their junction 
coupled by capacitor C, to the 
grid of tube Vy. The output ca- 
pacitance of V, forms the first 
capacitor of the filter, the input 
capacitance of V. forms the sec- 
ond capacitor, while stray capac- 
itance between the supply end of 
Ly and chassis forms the third ca- 
pacitor. R, is connected in par- 
allel with L, as in Figure 7C, and 
for signal frequencies, the B+ 
end of R, is grounded through 
C;, therefore the electric location 
of R, is the same in both circuits. 


VIDEO AMPLIFIER CIRCUITS 


Two-section, constant K filters 
are employed in the v-f amplifier 
section of the typical receiver of 
Figure 8. This receiver has two 
stages of v-f amplification be- 
tween the diode detector V, and 
the picture tube Vy. Between V, 
and the first v-f amplifier tube 
Ve, the filter consists of coils L. 
and L;, the output capacitance 
of V; plus that of capacitor C,, 
the input capacitance of V. and 
the stray capacitances between 
the supply end of L; and the 
chassis. Resistors R,; and R, cor- 
respond respectively to R; and R, 
of Figure 7D. In Figure 8, R. 


-cireuit, as 


serves also as the load resistor for 
the detector. 


A second filter, used as the cou- 
pling circuit between V» and the 
video output amplifier, V,, con- 
sists of Ly, L;, and the various 
tube and stray circuit capacit- 
ances. As explained before, re- 
sistor R; prevents the impedance 
of the first section from rising too 
far near cut off. In like manner, 
R, swamps the second filter sec- 
tion and also serves as the plate 
load resistor for Vs. Resistor R, 
and capacitor C, function as a low 
frequency compensating network. 


The frequency response of the 
V; stage is somewhat adjustable 
by means of the terminal strip 
and jumper arrangement which 
permits capacitor C; to be con- 
nected into or omitted from the 
desired. With the 
jumper across terminals 1 and 2 
of the terminal strip, C; is con- 
nected in parallel with cathode 
resistor Rs. With the jumper 
across terminals 2 and 3, C; is 
disconnected from the circuit. 


Between V; and the picture 
tube, a third two-section constant 
K filter consists of tube and cir- 
cuit capacitances, coils Ly, and L; 
and loading resistors Ry and Ry». 
In this receiver, the cathode of 
the picture tube is connected di- 
rectly to ground, and the grid is 
made negative with respect to 
the cathode by its connection 
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through Ru, Ris, Ris, and Rix to 
the slider on potentiometer P. 


Another common video ampli- 
fier circuit arrangement is shown 
in Figure 9. Here, a single v-f 
stage amplifies the detector out- 
put to the level required to drive 
the picture tube. The crystal di- 
ode detector D, rectifies the i-f 
signal to produce the video sig- 
nal across load resistor R,. A 
three-section low pass filter is 
formed by coils L,, Le, and Ls, 
the stray capacitance of the crys- 
tal to ground, capacitor C,, and 
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With the same transconductance, amplifier 
tube No. 1 has flat response up to about 
100 kc, while amplifier tube No. 2 has a 
response which is flat up to about 4 mc. The 
difference is due to the considerably smaller 
plate load resistor used with tube No. 2. 


the input capacitance of tube Vj. 
From the junction between Lz 
and Ls, the detector output is ap- 
plied to the 4.5 me sound i-f am- 
plifier, the details of which will 
be explained in a later lesson. 


Also, from the junction be- 
tween L. and Ls, the video signal 


is applied through R» to the grid 
of the video amplifier. Cathode 
bias is obtained by means of re- 
sistors R; and R, which are un- 
bypassed to provide some low fre- 
quency compensation. In addition, 
any “noise” pulses in the signal 
which have greater amplitude 
than the cathode bias drive the 
grid slightly positive. Grid cur- 
rent results, producing a voltage 
across R, such that the grid end 
of this resistor is negative. This 
voltage adds to the bias, thus lim- 
iting the positive swing of the 
grid. Thus, R». serves to prevent 
noise voltages from appreciably 
affecting the plate current of the 
video amplifier. 


Picture Phase 


In the symbol for the ger- 
manium crystal detector diode D,, 
the vertical bar represents the 
cathode, and the triangle the 
anode. The electron flow is from 
the cathode to the anode, through 
Li, Le, Lz, and R; to ground, and 
from ground through the second- 
ary of T; to the cathode of D,. 
This varying direct current pro- 
duces a voltage across R, such 
that the ungrounded end of this 
resistor is negative. 


The largest amplitude portions 
of the video signal represent the 
blanking and syne pulses, and 
make the upper end of R; more 
negative than the picture varia- 
tions. This condition is illustrated 


—— 
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by the wave-form drawn above 
the V, input circuit. Although all 
the parts of this signal are nega- 
tive with respect to ground, the 
picture portions are positive with 
respect to the blanking and syne 
pulses. Therefore, it is called a 
“positive picture phase” signal. 
The action of the video amplifier 
is to increase the amplitude of 
the video signal such that there 
is a greater difference between 
the most positive and most nega- 
tive peaks. 


Also, as shown by the wave- 
form near the picture tube input 
circuit, the picture signal varia- 
tions, syne and blanking pulses 
have greater amplitude also. 
Here, the signal has “negative 
picture phase” as a result of its 
inversion by the amplifier. The 
peaks of the picture signal which 
rise in the direction of the blank- 
ing pulse produce the darker 
parts of the picture. The peaks 
of opposite polarity produce the 
lighter parts of the picture. The 
greater the amplitude of the sig- 
nal, the greater the potential 
difference between the positive 
and negative peaks of the signal. 
That is, the higher the amplitude 
of the video amplifier output, the 
greater the difference in illumina- 
tion between the light and dark 
areas of the reproduced picture. 


Contrast Control 


In television, the degree of 
difference between the lightest 


and darkest areas of the image 
produced on the cathode ray tube 
screen is called contrast. When 
the light portions of the picture 
are very light while, at the same 
time, the dark portions are very 
dark, almost black, the picture 
has high contrast. On the other 
hand, if the picture consists en- 
tirely of grey tones only slightly 
different in shading from one 
another, the picture contrast 
is low. 


Normally, it is desirable that 
the contrast be such that the pic- 
ture on the receiver screen corre- 
sponds as closely as possible to 
the range of shading in the scene 
at the studio. Depending upon 
the strength of the video signal 
applied to the picture tube, it is 
possible for the contrast to be 
too great or too little. To permit 
adjustment to the desired con- 
trast, television receivers include 
a means of changing the ampli- 
tude of the signal applied to the 
grid or cathode of the picture 
tube. In the circuit of Figure 9, 
this adjustment is accomplished 
by varying the amplification or 
gain of the video amplifier. As 
indicated, the cathode resistors 
R; and Ry are unbypassed. With 
no cathode bypass capacitor, the 
plate current changes produce a 
varying direct voltage across the 
cathode resistors. 


As the grid swings positive, 
the increased plate current in- 
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creases the voltage across R; and 
R, to cause the cathode to swing 
positive also. When the grid 
swings negative, the reduced 
plate current decreases the volt- 
age across the cathode resistors, 
and the cathode swings negative 
along with the grid. The varia- 
tion of cathode voltage in phase 
with the signal on the grid re- 
duces the grid control of plate 
current. Called degeneration, this 
action decreases the amplification 
of the stage. 





This television receiver console has controls 
at the side and a shelf which provides a 
convenient display area. 

Courtesy Bendix Radio Division of 
Bendix Aviation Corp. 


The varying voltage across the 
cathode resistors is called degen- 
erative feedback. Adjustment of 
the variable resistor R; permits 


changing the degenerative feed- 
back voltage, and therefore, the 
amplification of the stage. Thus, 
R, is the contrast control. When 
the slider on R, is moved to add 
more resistance in the cathode 
circuit, the degenerative feedback 
is increased, the amplification de- 
creased, and the picture contrast 
decreased, When the slider is ad- 
justed to reduce the cathode cir- 
cuit resistance, the smaller feed- 
back permits greater amplifica- 
tion and the picture has more 
contrast. 


Since degenerative feedback re- 
duces the stage gain, it effectively 
decreases the input capacitance 
added due to the Miller effect. 
This circuit arrangement permits 
better response at high fre- 
quencies. 


In the plate circuit of Vi, a 
constant K low pass filter is 
formed by coils L, and L; and the 
associated circuit capacitances. 
Usually, these coils are referred 
to as series and shunt peaking 
coils respectively, regardless of 
the basis of the coupling circuit 
design. The plate load resistor 
consists of two parts, Rg and R; 
which form a voltage divider so 
that a somewhat smaller video 
signal voltage is applied to the 
age circuit than to the sync sep- 
arator. The purpose and opera- 
tion of age circuits and sync 
separators are explained in other 
lessons of this series. 
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In the circuit of Figure 9, coil 
L; isolates the input capacitance 
of the picture tube from that of 
the syne separator tube. Between 
R, and (225 V) B+, a second 
shunt peaking coil L, further im- 
proves the high frequency re- 
sponse. Rx is connected across Lg 
to prevent excessive peaking at 
the resonant frequency of Ly and 
its associated capacitances. 


The screen grid of the video 
amplifier tube is placed at ground 
potential so far as the signal is 
concerned by the two capacitors 
Cs. and C;. To reduce the screen 
circuit impedance to a very low 
value at the low frequencies, ca- 
pacitor Cy is an electrolytic with 
a value of 5 wf. The inductance 
associated with a capacitor of this 
size is great enough to present 
appreciable inductive reactance 
at the high frequencies. There- 
fore, the .004 pf capacitor Cy, is 
included to provide a low react- 
ance path to ground for the high 
frequency alternating components 
of the screen current. 


From the junction between 
peaking coils Ly and L;, the video 
signal is coupled through Ry to 
the cathode of the picture tube. 
On the screen of the picture tube, 
the lighter areas of the image are 
produced when the picture signal 
makes the grid swing in the posi- 
tive direction to increase the in- 
tensity of the scanning beam. To 
obtain this desired action, the 


signal must be applied between 
the grid and cathode with the 
proper polarity. That is, the parts 
of the signal corresponding to 
the light areas of the scene must 
be in a direction to make the grid 
less negative with respect to the 
cathode. Likewise, the blanking 
pulses and the parts of the signal 
corresponding to the dark areas 
in the scene must make the grid 
more negative with respect to 
the cathode. 


If the signal is applied to the 
grid of the picture tube, it must 
have positive picture phase to 
provide this action. However, 
when it is applied to the cathode 
of the picture tube, the signal 
must have negative picture phase 
as shown in Figure 9. Here, the 
blanking pulse and “dark” por- 
tions of the signal drive the 
cathode positive, while the grid 
is maintained at a constant po- 
tential as determined by the set- 
ting of Ri;. Making the cathode 
swing positive is equivalent to 
making the grid swing negative. 
In either case, the beam intensity 
reduces and the light on the 
sereen is decreased. On the other 
hand, the “light” portions of the 
signal make the cathode less posi- 
tive, the beam intensity increases, 
and the screen image becomes 
brighter. 


Each video amplifier stage of 
the common grounded cathode 
type inverts the video signal. 
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Thus, when the receiver employs 
one video stage, as in Figure 9, 
the phase of the detector output 
must be opposite that required 
at the input to the picture tube. 
In a receiver having two video 
stages, the detector output and 
picture tube input signals have 
the same phase. For example, in 
Figure 8, the V; current makes 
the ungrounded end of load re- 
sistor R». negative to produce a 
positive picture phase video sig- 
nal. This signal is inverted by V2 
and again by V; to be applied as 
a positive picture phase signal to 
the grid of the picture tube. 


If, for any reason, the signal 
applied to the picture tube has 
polarity opposite that which it 
should have, a negative picture is 
produced. That is, the parts 
which should be light are dark 
and those that should be dark are 
light. This undesirable condition 
can be produced when a replace- 
ment crystal detector is connected 
in the wrong direction. If the 
connections to D, were reversed 
in Figure 9, the diode current 
would make the ungrounded end 
of R, positive to produce a nega- 
tive picture phase signal. In- 
verted by V;, this signal would 
be applied with positive picture 
phase to the V» cathode and result 
in a negative picture. Therefore, 
when crystal diodes are replaced, 
care should be taken to observe 
the proper cathode and anode 
connections. 


In a receiver with more than 
one video stage, one stage may 
become inoperative, and therefore 
reduce by one the number of sig- 
nal inversions. However, the sig- 
nal may still pass through the 
stage by capacitive coupling 
through the interelectrode capac- 
itances of the tube. When this 
action occurs, a weak signal of 
wrong picture phase is applied to 
the picture tube. The picture pro- 
duced lacks contrast and is nega- 
tive. As explained in an earlier 
lesson, overloading in the video 
i-f amplifier is a third cause of 
negative picture. 


In addition to its various alter- 
nating components, the video sig- 
nal contains a direct component. 
This d-c component provides in- 
formation regarding the average 
brightness of the background of 
the televised scene. As will be ex- 
plained in detail later, the radi- 
ated r-f signal carries this back- 
ground information by varying 
the amplitude of the background 
brightness with respect to the 
blanking pulse components. This 
information can be used in the re- 
ceiver to produce a faithful image 
of the studio scene. 


In every receiver, the d-c com- 
ponent is present in the output of 
the second detector. Many receiv- 
ers are designed to convey the 
background information from this 
point to the picture tube. One 
method is illustrated by the cir- 
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cuit of Figure 9. In this circuit, 
there are no d-c blocking capaci- 
tors between the detector load 
and the grid of V,, or between 
the plate of V, and the cathode 
of Vo. 


2BY7 


MABE IN USA 





A sharp-cutoff pentode commonly employed 

as the video output amplifier, the 12BY7 has 

@ transconductance of 12,000 micromhos and 

grid-plate capacitance of 0.063  micromicro- 
farads. 


Thus, from across R,, the d-c 
component of the signal is applied 
directly through R, to the grid of 
V, to establish the operating point 
of the video amplifier. Determined 


by this operating point, the direct 
component of plate current pro- 
duces a d-c component of plate 
voltage which is coupled directly 
through Ry to the cathode of the 
picture tube. In this way, the 
operating point of the picture 
tube corresponds to the magni- 
tude of the d-c component of the 
detector output. 


Because d-c blocking capacitors 
are not employed, the video am- 
plifier of Figure 9 is termed a 
direct-coupled amplifier. In this 
circuit, the voltages across R,, R; 
and R, all add to provide the total 
bias between grid and cathode of 
V;. In the picture tube input cir- 
cuit, the plate voltage of V, is 
applied across the voltage divider 
consisting of Ry and Ryo. The por- 
tion of this voltage across Rp, 
shown as 150 volts, is applied to 
the cathode of V. to provide a no- 
signal operating condition. Ry, 
and R,, form a second voltage 
divider between B+ and ground. 
From the slider on Ry, 115 volts 
are applied through R,, to the 
grid of V2. Thus, the picture tube 
grid is 35 volts negative with 
respect to the cathode. 


Brightness Control 


This bias can be changed as de- 
sired by adjusting R,;. The pic- 
ture tube bias determines the 
brightness level which the entire 
screen has with no picture signal 
applied. When a signal is applied, 
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the d-c component adds to the 
bias to establish the brightness 
level of the picture background. 
This background brightness can 
be increased or decreased by ad- 
justing R,3. Thus, the bias adjust- 
ment R,, is called the brightness 
control. 


Unlike the contrast control, the 
brightness control does not affect 
the amplitude of the video signal. 
It is important to understand the 
difference between these two con- 
trols. As explained earlier, when 
the contrast control is advanced, 
the result on the screen is a great- 
er difference or range between 
the brightest and the darkest ele- 
ments in the picture. The bright 
areas become brighter and the 
dark areas darker. On the other 
hand, the brightness control 
changes all of the areas in the 
same direction. That is, when the 
brightness control is advanced, 
both light and dark areas become 
lighter. When this control is turn- 
ed the other way, all parts of the 
picture become darker. 


In addition to retaining the d-c 
component of the signal, the di- 
rect-coupling arrangement pro- 
vides good response at low fre- 
quencies. This condition is due to 
the fact that the low frequency 
attenuation caused by coupling 
capacitors is eliminated. 


Another circuit arrangement 
commonly employed to couple the 
video amplifier to the picture tube 


is that shown in Figure 10. Here, 
the plate circuit contains the pri- 
mary of transformer T;. This pri- 
mary and capacitor C, form a 
parallel tuned circuit known as 
the sound trap which is tuned to 
resonance at the sound i-f of 4.5 
me. The secondary of T; and ca- 
pacitor C. couple the 4.5 me i-f 
through C, to the input of the 
sound i-f amplifier. 


The sound trap has little react- 
ance at video signal frequencies. 
Therefore, the video signal volt- 
age appears across the shunt 
peaking coils L; and Le and the 
plate load resistor R,. As indi- 
cated, the video signal is taken 
from the junction between L, and 
R,; and applied to the syne sepa- 
rator. It is also coupled through 
blocking capacitor C, and series 
peaking coil L; to the cathode of 
the picture tube. As in Figure 9, 
the circuit of Figure 10 requires 
a negative picture phase signal in 
the video output circuit, since the 
cathode is employed as the input 
electrode of the picture tube. 


Potentiometer R, is the bright- 
ness control. Its slider applies the 
desired bias through R; and L, to 
the V. cathode. Thus, the cathode 
is positive with respect to the grid 
which connects to ground. Adjust- 
ing R, changes the operating point 
of the picture tube and thus de- 
termines the brightness of the 
picture. 
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In the video amplifier cathode 
circuit, variable resistor R. per- 
mits changing the degenerative 
feedback in this stage in the same 
manner explained for the circuit 
of Figure 9. Therefore, R» serves 
to control picture contrast by 
varying the video amplification. 


Each designer has his own par- 
ticular preferences regarding the 
best means of accomplishing a 
given result. However, the basic 
requirements of each stage are 
the same for one television re- 
ceiver as for the next. Therefore, 
the majority of video amplifier 
circuit designs consist of one or 
another of those arrangements 
which have proven satisfactory. 
The circuits of Figures 8, 9, and 
10 are representative of com- 
monly employed arrangements. 


However, in addition to these, 
there are video circuits which dif- 
fer considerably from the most 
used methods. As an electronic 
technician, you will have to em- 
ploy your knowledge of circuit 
theory together with your under- 
standing of the requirements of a 
stage to analyze the various “un- 
usual” arrangements you en- 
counter. 


An example of such a circuit is 
given in Figure 11. Here, the two- 
stage video amplifier employs 
pentodes V,; and V.. However, the 
V, stage operates in a manner 
somewhat different from those 
described previously. The plate 


lead consists of two resistors, R» 
and R;, which form a voltage di- 
vider for the video signal voltage 
across them. The total a-c plate 
voltage is applied to the sync sep- 
arator, and the voltage across R; 
to the age circuit. This is the ar- 
rangement employed in the cir- 
cuit of Figure 9. 


However, in Figure 11, these 
are the only outputs taken from 
the plate circuit. Here, the screen 
grid operates as a second output 
electrode. Notice there is no 
screen bypass capacitor. Any 
varying screen current through 
shunt peaking coil Ls; and load 
resistor R, causes the screen volt- 
age to vary in the same manner 
as the plate voltage. Thus, the 
video signal is coupled from the 
V; screen grid through capacitor 
C, to the control grid of V.. Oper- 
ating in the usual manner, the 
video output stage amplifies the 
signal and applies it through C, 
to the grid of the picture tube. 


PHASE DISTORTION 


In addition to providing uni- 
form gain for all frequencies in 
its pass band, the video amplifier 
should cause equal phase shifts. 
Reviewing basic tube action, the 
a-c component of the plate cur- 
rent is in phase with the control 
grid voltage but 180° out of phase 
with the plate voltage. Therefore, 
in passing through an amplifier 
tube, the signal voltage has a the- 
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oretical phase shift of 180°. How- 
ever, due to the capacitances asso- 
ciated with the circuits of a video 
amplifier, the current — voltage 
phase angles are not the same for 
all frequencies, therefore the an- 
gle of phase shift varies. 





A table model television receiver. 
Courtesy Andrea Radio Corp. 


Due to this action, the amplifier 
delays some signal components, 
with respect to others so that in 
the output, the phase angles differ 
from those of the input. This time 
delay is known as PHASE DISTOR- 
TION. In television, phase distor- 
tion causes very.noticeable and 
undesirable distortion of the re- 
produced image. 


To illustrate this image distor- 
tion, the sine wave curves of Fig- 


ure 12 represent video amplifier 
output signal voltages applied to 
the control grid circuit of the pic- 
ture tube. As explained previous- 
ly, variations of control grid volt- 
age cause corresponding changes 
of brightness on the screen. For 
simplicity it is assumed that sig- 
nals between 0 and +10 volts pro- 
duce light grey areas, above +10 
volts white areas, between 0 and 
—10 volts dark grey areas and 
below —10 volts black areas. 


Thus, in Figure 12A, signal 
voltage e,, produces the areas 
shown along scanning line 1. In 
the same way, with no phase dis- 
tortion, signal voltage e,,, with a 
frequency twice that of e,,, pro- 
duces the areas shown along 
scanning line 2. However, circuit 
capacitance effects may cause the 
higher frequency signal e,, to be 
delayed more than e,,, in which 
case the respective areas or ele- 
ments along line 2 occur a definite 
small interval of time later than 
when no phase distortion exists. 
When the video signals pass 
through several stages of ampli- 
fication a total phase difference of 
as much as 45 degrees may be 
produced as shown in Figure 12B. 


The effects in the image are 
shown by a comparison of the re- 
spective pairs of scanning lines. 
The elements of scanning line 2, 
Figure 12B, are shifted horizon- 
tally to the right with respect to 
their normal positions shown in 
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Figure 12A. If, as in practice, this 
effect is produced over the entire 
screen area, the picture is changed, 
or distorted. 


For simplicity, only two scan- 
ning lines have been shown with 
a single sine wave signal applied 
to each. Actually, the television 
video signal consists of many 
components supplied to the pic- 
ture tube control grid simultane- 
ously during every scanning line. 
The intensity of each picture area 
is proportional to the resultant of 
all these signal components. 


Similar to the action of Figure 
12, if the higher frequency com- 
ponents are delayed a longer pe- 
riod of time than the medium 
frequency components, the signal 
voltage and resulting reproduced 
image are distorted. Phase distor- 
tion is also a result of excessive 
lead angles of the low frequency 
signal components. This produces 
uneven shading of the background 
and false contrast effects between 
light and dark areas of the image. 


As with frequency distortion, 
phase distortion at the high fre- 
quencies is a result of the effects 
of the circuit shunt capacitances, 
Co and C,, Figure 5A. At the low 
frequencies, it is a result of the 
effects of the coupling, cathode 
bypass, screen bypass, and power 
supply filter capacitors, C., Cy, C., 
and C,, respectively. 


Fortunately, the methods em- 
ployed to obtain wide frequency 


response are effective in minimiz- 
ing phase distortion also. As men- 
tioned, these include the use of 
tubes having low interelectrode 
capacitances, low value plate load 
resistors, high value coupling and 
bypass capacitors and grid resis- 
tors, as well as the various com- 
pensating components and filters 
described. Although minor varia- 
tions in peaking coils, etc., can be 
made to favor the phase response 
over the frequency response, or 
vice versa, a compromise of values 
gives good performance for both. 


VIDEO AMPLIFIER 
TROUBLES 


To provide a picture of good 
quality, the video amplifier must 
increase the strength of the video 
signal to the proper level with 
minimum frequency and phase 
distortion. The designer has 
selected component values and 
operating voltages to obtain this 
desirable operation. If circuit 
values change due to the devel- 
opment of a fault, or if replace- 
ment parts are employed with 
values different from the original 
values, the response of the video 
amplifier is altered. Any such 
change in response affects the 
picture quality in some way. 


For example, loss of fine detail 
in the picture indicates that the 
high frequency response is poor. 
Analyzing this condition, it may 
be due to any of the factors which 
determine the video amplifier re- 
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sponse at high frequencies. A 
shorted peaking coil would reduce 
the required peaking action to 
lower the high frequency gain. 
High-frequency amplification 
might be reduced if the wiring 
were disturbed to increase the 
stray shunt capacitance. If the 
plate load resistor were replaced 
by one of higher value, the stage 
gain would be higher over the 
middle range, but would drop 
off considerably at the high 
frequencies. 


A smearing or streaking effect 
in the picture is caused by phase 
distortion. Another effect of this 
distortion is a gradual change in 
shading from the top to the bot- 
tom of the picture. Coupling and 
bypass capacitors which are too 
low in capacitance are a frequent 
cause of this trouble. Common 
offenders are the electrolytic ca- 
pacitors used in the low frequency 
compensation circuits. 


The edges of objects in the 
picture represent sudden changes 
in shading, either from light to 
dark or from dark to light. Such 
changes are produced by video 
signal pulses which contain many 
high frequency components. 
These high frequency components 
can cause momentary oscillations 
in the plate circuit of the video 
amplifier due to the peaking coil 
inductance and circuit capac- 
itances. Called “overshoot”, this 
action results when a_ peaking 


coil is not swamped sufficiently. 
The effect on the picture causes 
the edge of a light gray object 
to be outlined with a black line, 
and the edge of a dark gray ob- 
ject to be outlined with a white 
line. This picture distortion is 
known as “trailing reversal’. 


In all video amplifier circuits, 
the amplifier tubes and the plate 
loads serve to swamp or damp the 
peaking coils. However, addi- 
tional damping is necessary in 
some cases, such as provided by 
resistors R; and Rg in the circuit 
of Figure 9. Should one of these 
swamping resistors open, or in- 
crease in resistance, the coil 
would be insufficiently damped 
and produce trailing reversal. 
The same trouble might result if 
a swamping resistor is replaced 
with a resistor too large in value, 
or if a higher resistance solder 
joint is made when the swamping 
resistor or peaking coil is re- 
placed. 


Lack of clearness or crispness 
can be due to any circuit condi- 
tion which reduces the amplifica- 
tion at high frequencies, as men- 
tioned. A not-too-apparent cause 
of this picture defect is a shift 
in the operating point of the 
video amplifier tube. Such a shift 
may cause the parts of the pic- 
ture signal corresponding to the 
whites to fall on the non-linear 
or curved part of the I,-E. char- 
acteristic. Then, the whites are 
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amplified less than the remainder 
of the signal, resulting in reduced 
gradations of brightness for the 
light parts of the picture. This 
condition can be produced by any 
circuit defect that changes one 
or more of the video amplifier 
tube operating voltages. 


In the video amplifier, and all 
the preceding stages, the picture 
information has the form of elec- 
tric voltages and currents. How- 
ever, neither voltages nor cur- 
rents can be seen by a television 
viewer. A means is required by 
which the electric energy can be 
converted to light energy. This 


cenversion is accomplished by the 
picture tube. 


Actually, a large special type 
of electron tube, the picture tube, 
accepts the electric energy from 
the video amplifier and produces 
a pattern of light which corre- 
sponds to the scene at the trans- 
mitting studio. Emanating from 
the screen of the receiver, this 
pattern of light forms the picture 
seen by the viewer. 


The construction and operation 
of this all-important device, the 
picture tube, is the subject of the 
next lesson. 
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IMPORTANT DEFINITIONS 


BRIGHTNESS—The luminous intensity of a surface in a given 
direction per unit area of the surface as viewed from that 
direction. 


BRIGHTNESS CONTROL—A potentiometer in the grid-cathode 
circuit of the picture tube. Provides manual adjustment of the 
operating point of the picture tube. 


CONTRAST—The degree of difference between the lightest and 
darkest areas of the image on the cathode ray tube screen. 


CONTRAST CONTROL—A variable resistor which varies the 
strength of the video signal applied to the picture tube. 


D-C COMPONENT—A direct current component of the video sig- 
nal. Carries information regarding the background brightness 
of the scene. 


PEAKING COIL—An inductor used in video amplifiers to compen- 
sate for high frequency attenuation. 


SOUND TRAP—An LC circuit, tuned to 4.5 me, in the video section 
of the television receiver. Prevents the sound i-f being applied 
to the picture tube. 


VIDEO AMPLIFIER—A wideband amplifier which increases the 
detected video signal to the level required to drive the television 
receiver picture tube. 
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n_ this world © an can expect tO e 
always & winner, dh had better learn 
to lose oS cheerfully as he can- 


man who is a good loser is not necessarily 
indifferent to the result of his efforts. He 
will never lie calmly down after defeat. On 


